. Tree functional diversity affects litter decomposition and arthropod community composition in a tropical forest. Biotropica, 49(6) pp. 903-911. Disturbance can alter tree species and functional diversity in tropical forests, which in turn could 2 affect carbon and nutrient cycling via the decomposition of plant litter. However, the influence of 3 tropical tree diversity on forest floor organisms and the processes they mediate are far from clear.
has focused on understanding the interactions between plants and soil microbial communities, as 23 these will be key to determining the effect of anthropogenic change on ecosystem processes 24 (Hättenschwiler et al. 2005) . However, soil and litter invertebrate communities also play an 25 important role in litter decomposition but very little is known about how litter diversity and 26 arthropod communities interact during decomposition processes -especially in tropical forests.
27
The activity of soil invertebrates indirectly affects the resources available to 28 microorganisms and plants (Giller 1996 , De Deyn et al. 2004 , Ashford et al. 2013 ). The 29 comminution of leaf litter by soil invertebrates stimulates decomposition by increasing leaching 30 and exposing a greater leaf surface area to microbial attack (Ashford et al. 2013 ). The 31 mineralization of organic matter is enhanced by arthropod species richness (Nielsen et al. 2011, 32 Ashford et al. 2013) and previous work demonstrates that litter arthropod diversity is related to 33 the concentrations of specific nutrients (Sayer et al. 2010 , Ashford et al. 2013 . However, 34 interactions between arthropods and litter can be highly species-specific (Hättenschwiler & 35 Gasser 2005) and changes in tree species composition or diversity are likely to be accompanied 36 by changes in forest floor arthropod communities (Cole et al. 2016) .
37
Disturbance could alter decomposition processes via cascading effects of altered tree 38 species composition on litter and soil fauna. Disturbed or young secondary forests have high 39 abundances of pioneer tree species, which are often characterised by fast growth, lower 40 investment in leaf defences and higher foliar nutrient concentrations (Swaine & Whitmore 1988) .
41
In contrast, undisturbed mature forests are dominated by slow-growing shade-tolerant species 
44
Extensive work on leaf herbivory in 41 tropical forest tree species showed that mature leaves of 45 gap-colonising species were much more palatable than shade-tolerant plants (Coley 1983) . Leaf 46 traits related to herbivore defences are directly related to the rates of mass loss during litter 47 decomposition (Cornelissen et al. 1999) . Consequently, functional changes in tree species 48 communities after disturbance have the potential to modify forest arthropod community 49 composition (Lavelle et al. 1997 ) and alter decomposition processes. Given that around 50% of 50 tropical forests worldwide are secondary regrowth or have been modified by human activities,
51
we need to determine how the changes in tree functional diversity during secondary succession 52 affect litter fauna and decomposition rates.
53
The rate of litter decomposition is governed by both the physical and chemical traits of leaf 54 litter, which determine the quality of substrate available to decomposer organisms and the 55 available habitat space in the forest floor (Berg et al. 1993 , Perez-Harguindeguy et al. 2000 .
56
Heterogeneous litter mixtures provide a greater variety of resources and microhabitats, which 57 can increase the diversity of decomposer organisms through niche partitioning (Hansen & 58 Coleman 1998 , Hättenschwiler et al. 2005 . A number of experiments have demonstrated that 59 litter mixtures decompose at a faster rate than single-species litter (Seastedt 1984, Gartner & 60 Cardon 2004) but the species diversity of the litter does not explain these "non-additive" effects (Levings & Windsor 1996 , Hättenschwiler et al. 2005 .
71
Consequently, it is unclear how changes in litter functional types will affect arthropod 72 communities and decomposition rates in secondary tropical forests. We aimed to address this 73 using a new approach to investigate how differences in broad tree functional groups (pioneer vs.
74
old-growth) influence litter decomposition rates and arthropod communities in secondary 75 tropical forests.
76
We used mesocosms to allow access by litter invertebrates during a 6-month 77 decomposition experiment in a semi-deciduous lowland tropical forest in Panama. We compared 78 the decomposition rates of litter mixtures from old-growth and pioneer species, and characterised 79 litter arthropod communities within the mixtures to test the following hypotheses: 80 1. Litter from pioneer tree species represents a higher quality resource and will therefore 81 decompose at a faster rate than litter from old-growth forest trees. In addition, we conducted a litterbag experiment using the same litter mixtures to establish 87 whether the patterns of decomposition were comparable between our mesocosm approach and 88 the conventional litterbag method.
89

90
METHODS
91
STUDY SITE AND LITTER MIXTURES -The study site was in a c. 3200 m 2 area of 60-year old 92 secondary semi-deciduous lowland tropical forest on the Gigante Peninsula within the Barro 93
Colorado Nature Monument, Panama. Tree species composition at the site includes both pioneer 94 and old-growth forest species (Dent et al. 2013) . The mean annual temperature on nearby Barro 95
Colorado Island is 26ºC and the mean annual rainfall is 2600 mm, with a strong dry season from 96 January to April (Leigh 1999). The soil is moderately fertile but has low concentrations of 97 extractable phosphorus (Cavalier 1992 , Sayer et al. 2006 ) and a pH of c. 5.5 (Cavalier 1992 , Sayer et 98 al. 2006 . We started the experiment before the onset of the wet season in April 2015 to capture the 99 end of the dry season and the pulse in decomposition at the start of the wet season (Wieder & 100 Wright 1995) . Due to the 2015 El Niño event, the dry season lasted longer than expected and there 101 was no significant rainfall until late June; our experiment therefore spanned three months of 'dry 102 season' and three months of 'wet season '. 103 To investigate differences in litter decomposition for broad functional groups of trees, we 104 used litter mixtures containing an equal mass of litter from each of three pioneer species 105 ('pioneer litter') or three old-growth species ('old-growth litter'), and a mixture containing an 106 equal mass of litter from all six species ('mixed litter'; Table 1 ). All species were common 107 throughout the forest at the study site (Dent et al. 2013) . As a control, we used natural mixed-108 species litter from the study site ('control litter' block, there were four sets of mesocosms for each mixture to allow destructive sampling of two 128 sets after three months; the remaining sets were harvested after six months.
129
The mesocosms consisted of plastic tubes (20-cm diameter; 12-cm height) with four 5-cm 130 diameter holes drilled into the side at equal intervals to allow access by arthropods (Figure 1 ).
131
The mesocosms were inserted into the soil to c. 2-cm depth so that the access holes for 132 arthropods were at ground level. Leaf litter from inside the mesocosms was removed and the soil 133 gently cleared of debris. A pre-weighed 19-cm diameter mesh disc was placed on the soil surface within each mesocosm, and 16.1g of leaf litter from one of the four mixtures ( Thetaprobe (Delta-T Devices, Cambridge, UK) and soil temperature was measured at 0-10-cm 142 depth using a soil temperature probe (Fisher Scientific, Leicestershire, UK). of litter were taken and examined under a microscope to monitor the efficacy of the extraction.
152
After 48 hours, all litter samples were oven-dried to constant weight at 40ºC and weighed to 153 determine mass loss.
154
To assess whether the presence of mesocosms altered arthropod communities, we also 155 determined the abundance and diversity of litter arthropods at the study site by collecting two arthropods were then extracted as described above. We extracted samples from additional control 159 mesocosms to make a direct comparison with the forest floor arthropod communities.
160
Arthropods were identified at least to order following Gibb & Oseto (2006) , and body length was 161 measured to the nearest 0.02-mm using a dissecting microscope with an optical micrometer. litter mixture, block, and time point.
179
The decay rate k for all litter mixtures in litterbags and mesocosms was calculated from total 180 mass loss at 6 months according to Olson (1963) :
Where t is time (yr), X is litter dry mass (g) at collection and X o is the litter dry mass at time zero
183
(g).
184
To assess mixture effects on mass loss during decomposition, we used Generalised Linear individual species showed no consistent pattern within functional groups (Table 2a) , the pioneer 217 litter mixture had the lowest C:N:P ratio and the old-growth litter had the highest (Table 2b ).
The greatest proportion of mass loss occurred in the first three months, even though this was 
229
In partial support of our second hypothesis, we observed a significant non-additive effect Figure 4D ). of n = 5 per mixture at three months and n = 5 for old-growth, n = 3 for controls, and n = 4 for pioneer and mixed litter at six months; the litter mixtures are described in Table 1 . 
